
AO—A055 661 NATIONAL TSING tA (Wh y HSINC*J (TAIWAN ) I N ST oc MO—ETC F/S 6/20STRUCTURE—FL*ICTION NC ISJNOCktMICAL. STUDIES 0th COSROTOXIN. (U)
MAY 78 C TANS 0AA629—77—4—O117i,jrI sCcTc,rn

L~ __  

____ _____ _ _  I

_ I ii
11111



I #~ L ~~‘

~.L) L. — —L L1i~ ~~~U—
L ~~. OI l L

uhII~~~
1.25 1.4 Illo_ 

~ lI~~~

\ ‘ c\~ ~~~~ ~~~~



..‘ 
-
~ 

~~~‘T~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~ ¶

I
.

______________________________________________  
COMPL ETU~G
CATALOG NUNS1. REPORT NUN

~~~ ii4 
((Iluf 5iSNU.~ — 

TYPt oF •-~~~~~

~~JRUCTURE-~ UNCTION AND 
_ _ _ _ _  ____

inal ~~~~~~~I ~ TTJDIES ON COBROTOXIN4~~~~~~~~~~~~~~~~~~ J 
~~ ~~~~~~~ T’i7 Mar W7

S. ~~~~~~~~~~~~~~~~~~~~~ ~,ie ~~~~~~~~

). AUTHOR(.) I. CONTRACT OR GRANT NUMSCR(.)

~~~~ en-ch a~~~J 
D. Med . Sc. ~~~~~~~~~~~~~~~~~~~~~~~~~~~

I P~o~~A$ ELEMENT ØROJECY. ?ASlCS. PERF ORMI NG ORGANIZATION NAME AND ADONESS I ARE A 5 WORK UNIT NUMSERS
Institute of Molecular Biolog~J
National Tsing Hua University
fisinchu, Taiwan, Republic of China 1

U. S. Army Research Office ay 78 7It. CONtROLLING OPFI~~E NAME AND ADDRESS 

( 

~~~~~~~~~~~~~~

Post Offi ce Box 12211
Research Triangle Park , NC 27709 29

14. Nol~tTOR1MG AGENCY NAME I ADDREU(U~~ f.ront bus, C.ithullffit 0u Sd )  IS. SECURITY CLA . (of

~~~~~~~~ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j p  F_ L~j Uri c lass i f~. e ~__________ ISa. OECLASSIFICATION/ØOWNGRAO IKG
SCHEDULE‘ 1  C...) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

NA
14. OISt~~~UTION STATEMENT (of thi. k.p ort) D D C

C
_ _ ~r~r~r~nrt nr~~Li... Approved for.public release; distribution unlimited. 

~ JUN 26 19~ ii
f

17. DISTRISUTION STATEMENT (.1 Ii. ab.~r.ct on~.r.d Sn Block 20. II 4W.r.nt f tc., Rip ort) b ~ 1L~ U If
W ENA

IS. SUPPLEMENTARY NOTES

The findings in this report are not to be construed as an official
Department of the Army position , unless so designated by other authorized
documents .

IL KEY WORDS (Conilnu. on r vsu• old. IS nu.... ~~ ond Id,ntUy b~ block nsonb.e)

Cobrotoxin, Affinity Chromatography , Non-precipitating antibody ,
Soluble cpmplex.

3D. ARE? ~~~~~

‘

on~~uo on ~~~ IS u.cc. ~~~ ond S~~ntS~~ b~ Mock n~~~b.r)

The heterogeneity of precipitating and non-precipitating
antibodies to cobrotoxin was demonstrated by their elution
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cobrotoxin at a different molar ratio are emerged in the void volume
indicating that the molecular weight of the soluble complex is
*z otthd 4,000,000 or larger. tJnreBctld free non-precipitating
antibody coincided with the peak of IgG ~nd was proved to be free
tt’om~ IINB-cobrotoxin. The molar ratio o~ antibbdy to antigen for
the soluble complex was found to be 0.79 to 0.97 indicating that
1.38 to 1.94 molecules of non—precipitating antibody bound to
ff2~4B—cobrotoxin instead of three molecules ifl the case of• precipitating antibody .

smi fw
UT~ mn. tucflu
* kflkctluu 0
UL.i~~J 0
~~~~~flI L ._ - ~ 

•_I~~ 1JuI,*wuiIun slim .

t AVAIL RM/M VU~*L

~~~~~~~ / 
~~~ 5 ~~~~~R I?Y CI.*U1PICA?ION OP iHI S PA SI(WSon DoS. 1.tsusd)

— . .
- - -

~

-

~

-.‘ -



T~T - ______

Table ot COnt.nts

DD Form i4~~ 
* .

~ Page 1

Abstrac t 2

Introduction

Materials and Methods 4

Preparation of antisera 5

Separation of precipitating and non-precipitating 6
antibodies -

Restilts and Discussion 8

Production of antibodies during immunization 8

Isolation of non—precipitating antibody by 8
affinity chromatography

Peptide maps of the peptic hydroXysates of’ Pab 10
fragments

Antibody activity of non—precipitating antibody 11

Effect of polyethylene glycol on precipitation 11
of antigen-antibody complex

Antigenicity of precipitating and non— 12
precipitating antibodies

Gel filtration of soluble complex formed fr em 12
non-precipitating antibody and HNB-cobrotoxin

Acknowledgements 13

References 16

Appendixes 18

List of Publications * 29

List of Graduate Students 29

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- .



r ~~~~

‘. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *,?r~~ s, .,* 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~.

. 
______

_ _  _ _  -
-

List of Appendixes

Table I. Molar ratio of non—precipitating Page 18
antibody to HNB-cobrotoxin in soluble
complex

Figur e legends 19

Fig. 1. Production of precipitating and non- 22
precipitating antibodies during the
course of immunization.

Fig. 2. Stepwise elution of antibodies from a 23
column of’ cobrotoxin—Sepharose.

Fig. 3. Ion-exchange chromatography on DEAE- 24
cellulose .

Fig. 4. Comparison of peptide maps of the peptic 23
hydrolysates of’ RCM-Fab fragments of
precipitating and non-precipitating
antibodies.

Fig. 5. Effect of’ polyethylene glycol on 26
quantitative precipitin reactions of
cobrotoxin with non-precipitating antibody.

Fig. 6. Quantitative precipitin reactions of Fab 27
of rabbit precipitating and non-
precipitating antibodies with their
goat antibodies.

Fig. 7. Gel filtration of soluble complex formed 28 U
from non-precipitating antibody and
HNB—cobrotoxin on a column of Sephaorae

* 

6B.

— i i—

- ~~~ :.~~~~ 
_

~
_

~~~
•••__•_

~~~~~~~~~~~~



_ _ _ _ _ _ _  - . .~~~ 
_ _ _

SThUCTURE-FUNCTION AND I)O(UNOCHEMICAL STUDIES ON
COBROTOXIN *

purification and Properties of Non—precipitating
Antibodies to Cobrotoxin*

The heterogeneity of’ precipitating and non-precipitating

antibodies to cobrotoxin was demonstrated by their elution

pattern on cobrotoxin—Sepharose and chromatography on DEAE—

cellulose column.

Gel filtration patterns on Sepharose 6B column revealed

that the soluble complexes formed from non-precipitating

antibody and HNB—cobrotoxin at a different molar ratio are

all emerged in the void volume, indicating that the molecular

weight of the soluble complex is around 4,000,000 or larger.

Unreacted free non-precipitating antibody coincided with the

peak of IgG and was proved to be free from HNB—cobrotoxin.

The molar ratio of antibody to antigen for the soluble

complex was found to be 0.79 to 0.97 indicating that 1.58 to

1.94 molecules of non—precipitating antibody bound to JQ~B-

cobrotoxjn instead of three molecules in the case of

precipitating antibody.

* This paper was presented at the International Symposium
on Proteins at Taipei, 9 March, 1978 and will appear in
International Journal of Protein and Peptide Research.
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In 1965, a neurotozic protein , cobrotoxin, was isolat .d

in th. crystalline state  from the venom of Taiwan cobra (Naja

naja atra) (yang , 1965) and was proved to be the main toxic

protein in cobra venom (chang and Yang, 1969).

In our recent study, cobrotoxi.n was successfully

immobilized on Sepharose through its free amino groups without

altering its antigenic activity (Yang et al., 1977). Rabbits

hyperimmunized with cobrotoxin in Freund’s complete adjuvant

produce non-precipitating as well as precipitating antibodies.

By affinity chromatography of superriatants obtained from

precipitin reaction at the maximum precipitation on a column of

cobrotoxin-Sepharose , the non-precipitating antibodies were

separated from the antisera . Antibodies separated by affinity

chromatography on a column of cobrotoxin—Sepharose are

superior to the precipi tating antibody , isolated by immune

precipitin reaction , with regard to their neutralizing

capacity.

The present paper deals with some properties of’ the non-

precipitating antibody and the mechanism of non—precipitabi]ity

of the non—precipitating antibody with its homologous antigen,

cobrotoxin ,
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~~ rERIALs A~ D ~E’rHOD~

Cob ro toxin  was prepared frow ‘t -t iwan cobra (%aja naj~ atra) 
*

venom as previously described ~Yan~ . 1~~o 5) .  CNBr—activated

sepharose 48. ~~pnarose oB, ~ephadex ‘~-2~~, ~,-1OO and G—200,

and CM—Sephadex C-~~ were purchased f rom Pharmacia Fine Chemicals,

~ppsa1a. Sweden. CM—cellulose , DEAE-cellulose , p_mercaptoethanol

and iodoacetic acid were obtained i rom Sigma Chemical Company .

Freund s (complete) ad~ u~ a:~ Stat-Pack s was obtained from

Calbiochem , 2—hvdroxv- -:~i~ robenzyl bromi.Ie (~~~B bromide) from

Seikagaku Kogyo co., Ltd. , and po lye .~~~ lene glycol 1000 from E.

\terck , Darznstadt . Mercur ipapain  and pepsin were products

of wo rth ingt on  Bi~ chemic :i I C o r p . .  Freehold , N . J. All other

reagents he r e  of a n a l y t~~ ’a~. grade .

A covalent  ~. oupi .~:ig of cobroto xin to CNBr— activated

Sepharose ~4B was carried out essen t ia l ly  according to the method

describ ed b~ Cuatrecasas and Anf insen ( Cuatrecasas , 1970 ; j I
Cuatrecasas and Anfinsen. 1Q71 ) as previously described (Tang

et a l . ,  1977 ) .

Alkylation of cobrot oxin  with HNB bromide was carried out

under standard conditions of Barman and Koshi and (1967) as

desc~ bed by Chang and Hayashi ( 19b 9) .
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pr.paration of antisera

Anticobrotoxin serum was prepared by injecting incr.aa ng

amounts of cobrotozin wi th Freund ’s complete adjuvant into

rabbits weighing 2,0 - 2 .5 kg. Prom 6pg to 1.6 ag per ~~

body weight were injected subcutaneously into the right and lift

thigh alternating at weekly intervals during a period of 3 months

and the animals were bled 9 days after the final injection.

Immunoglobulin G (igG ) was prepared from the pooled immune

sera by precipitation with amonium sulfate in a decreasing order

of saturation , 40 and 33 %, followed by gel filtration on a
column of Sephadex G-200.

Antisera to Fab fragments were prepared as follows :

Immunization of goats with Fab fragments of rabbit precipitating

and non-precipitating antibodies were performed by a series of

intramuscular injections with decreasing doses of Fab fragments

into male goats weighing about 10 kg. The initial dose ,

20 mg of Pab fragment dissolved in 1 mi, of 0.15 M NaCX and

emulsified with an equal volume of Freund ’a complete adjuvant ,

was injected into each thighs. Then 10 mg and 2.3 mg each

of the Fab fragment dissolved in 1 ml. of 0.13 N NaC1 ‘end

emulsified with an equal volume or Preund ’s adjuvant (complete

inco pl.t. = 1 : 8, by volume ) was injected at the second

and third week, rispic tively . Two weeks later , an additiona l
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i tmization vjth the same dose used f o r  the third week

was injected and the goats were bled 9 days after the final

injection .

Separation of precipitating and non-precipitating

antibodies

Small amounts of cobrotoxin (approximately 1, 10 of the

quantity required for maximal precipitation) were successively

added to IgG. After each addition the mixture was incubated

for 40 mm at 37°C and at 4°C for 4 hr before centrifugation.

The precipites were collected , pooled and used to prepare the

- precipitating antibody as previously described (Chang and Yang,

1969). The combined precipitates were washed three times with

cold 0.15 N NaCI, then dissolved in a minimal amount of 0.3) N
formic acid—0.15 N NaCI, pH 2.05. Complete separation of the

antibody from antigen was achieved by gel filtration on a

column of Sephadex G—l00 using the same acid .

Th• supernatant , obtained after the addition of cobrotoxin

produced no more precipitation , was used to purify the non-

precipitating antibody . I~ was passed through a column of

cobrotoxin-Sepbarose three times. The bound antibodies were ; I
eluted with 0.33 N formic acid-0.15 N Ned (pH 2.03) after the

column had been washed with 80 ml of’ 0.1 H NaHCO, buffer (pH 8.3)

—



containing 0.3 N NaCI and 70 ml of 0.1 N acetate buffer—0.5 ~4 fi
NCCI (pH .0). The •f f l aents were immediately neutralized with

1.0 N glycine-Na0H buffer (pH 11.3) Cnd the fractions containing -

an t ibody ‘wer• pooled and dialyzed against 0.01 N Tris-HCl buffer

(PH 7.3) contain ing 0.13 M Ned .

Digestion and fragmentation of antibody , precipitin reaction,

measurement of inhibitory activity of non-precipitating antibody

and its pepsin fragment to homologous precipitin reactions, and

preparation of’ peptide maps of the peptic hydrolysates of Tab —

frag.snta were performed as previously described (Chang and

Yang, 1969; Yang et al. 1974, 1977).

H -

— 7 -  F



T±T1TL~1JTT~~~~~ ~~~~ T~~~ ~TI lilT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Production of antibodt~~ durini i~~unisatiab

Tb. production of antibodies precipitating sod non-

precipitating , in rabbi t. following a serial inj ection of

cobrotoxin with Preund’ s complete adjuvant was surv.y.d at

variou, intervals durin g i wiiIation. The content of

precipitating antibody was det•rminod by quan tit.ti’w. pr.cipit$*

rise. tions and that of non-pr~~tpitating antibody by affinity

ohr. togr.pby on cobrotozin-Sepharos. col~~~ • As shown in

Pig. 1, the non-.pr.cipitsting antibody was producid in parallel

with that of precipitating antibody az~ the enount of non-

precipi tating antibody was higher than that or precipitating

antibody at the s~~~ p.riod of ismoinisation. At t.r comple t ion

of .3  months byperi unisation, th. total antibody content La

anticobrotozin sers yes 11.35 ng per ml with the mon-precipitating

motib.dy onounting to 2.6~ ag per ml or 57.8 % of the total

antibody . .

Iselation of non reciPitating antibody by aff inity

obro.at.~rss~~
P.r the isolation St the non-precipitating antibody, the

precipitating antibody La antisera or ’ I~~ was first removed l~

/1
— 8 —



- ~~~~~ ~~~~~~~~ ~~a~-;~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~
- 

~~~~~~~~~~~~~~~~~~ - 
- 

--  
-~~~~

j .  —~ - - -  - .- -- - -  — -- —-—. -

precipi tation upon a serial addition of cobro~oxin (approximately

1/10 of the quanti .y required for maximal precipitation ) until

no more precipitate formed . Afte z each addition the mixture

was incubated for 40 mm at 37°C eand at 4°c for 4 hr before

centrifugation . The precipitates were collected , pooled and

used to prepare the precipitating antibody as previously

described ( Chang a~d Yang, 1969). The supe rnatan t was used to

purify the non-precipitating antibody . It was passed through

a colu~n of cobrotozin—Sepharose three times. The bound anti—

bodies were eluted with 0.33 N formic acid—0.l5 N Ned (pH 2.05)

after the column had been washed with 0.1 N NaHCO
3 
buffer (Pu

8.3) containing 0.5 N NaCI and 0.1 N acetate buff.r-0.5 H NaC1

(pH 4.0). The effluents were immediately neutralized with

1.0 H glycine—NaOH buffer (pH 11.5) and the fractions containing

antibody were pooled and dialyzed against 0.01 N Tris—BC1

buffer (pH 7 .5)  containing 0.15 N Ned .

As illustrated in Fig. 2, although the major fraction of

non-precipi tating antibody was eluted at pH 3.0, 0.1 N glycins-

HCI buffer—0.5 N Ned , at ledst three more populations of anti-

bodies could be separated by acetate buffer-0.3 N Ned at pH

5.5, 4.0 and 3.5. The major fraction of precipitating antibody ,

how•v.r, was elut•d at pH 2.5 with several more populations at

- 9 -
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different pH values. Tb. results suggest that several popula-

tions of antibody , differing in their affinity to cobrotozin,

are present in both antibody preparations and also indicate that

there are some differences in binding affinity to cobrotoxin—

Sepharose between precipi tating and non-precipitating antibodies .

The heterogeneity of precipitating and non-precipitating

antibodies was also demonstrated by chromatography on DEAE-

cellulose. As shown in Fig. 3, although the major fractions

ob
~
ained from cobrotox -in-Sepharose column at pH 2.5 and pH 3.0

for precipitating and non-precipitating antibodies, respectively ,

were applied , the elution profile revealed more than two peaks.

peptide m aps of the peptic hydroly~ates of Fab fragments

The single fractions, eiuted from .DEAE—cellulose column at

the 4th step by 0.033 M phosphate buffer-0.3 M NaC1 (pH 7.8)

for precipitating and non-precipitating antibodies (Fig. 3), N5 
-

were subjected to papain fragmentation . The fractions were

digested with mercuripapain and chromatographed on a column

of CM—cellulose. The Fab fragments obtained were digested

with pepsin after reduction and carboxymethylation. The peptic

bydrolysates were separated by a combination of high—voltage

paper electroplioresis and descending paper chromatography .

As shown in Pig. 4, striking differenc~ s in peptide maps were

observed between the two preparations , indicate tha t the

— 1 0 —
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amino acid sequences of the Feb fragments of precipitating and

non—precipi tating antibodies are different each other.

Ant3body activity of non-precipitat’inp antibody -- 
--

Antibody activity of the non-precipitating antibody and its

papain fragment was determined by their  inhibi tory  ac t iv i ty  on

the homologous precipitin reactions of cobrotoxin with purified

precipitating antibody . Approximately 1.0 mole of papain

fragmen t , or 0.91 mole of the non-precipitating antibody p.r mole

of cobrotoxin gav e 50 % inhibition , while for papain fragment

of th. purified precipitating antibody about 1.2 moles were

required foc the same degree of inhibition (chang and Yang, 1969).

These results show that the activity of the non—precipitating

antibody and i t s  p.*pain fragment seems to be more active tha n

that of the precipitating antibody end its papain fragment .

____________________________________________________________________________ 

•1’ - -Effect of polyethylene glycol on precipitation of

antigen—antibody complex

The effect of polyethylene glyco l on the pre ipitation of

antigen-ant ibody complex formed from guinea-pig non-precipitating

antibody and its homologous antigen , ~-amy1ase, has been demonstrated

by immunodiffusion in agar gel as a precipitin line (Mon et 5.1.,

1976). In this study , we demons tra ted the effec t or

polyethylene glycDl on quantitative precipitin reaction of rabbit

- - - - 
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non-precipitating antibody with it. homologous antigen , cobrotoxin.

As ShQWTh in Fig. 3, about 20 ~ of the soluble complex forme d

from non-precipitating antibody and cobrotoxin was precipitated

in the presenc e of 4 % and 8 % of polyethylene giycol.

An t i gen i c i t y  of’ p rec ip i t a t ing  and non-precipitat ing

antibodies

In order to investigate the immunological cross—reaction

betweez~ precipitating and non-precipitating antibodies , Feb

fragments of’ both antibodies were immunized into goats , respectively .

As shown in Fig 6, both Fab fragments were capable of producing

homologous us well as cross—react ive  antibodies with almost the

same extent  in goats , suggesting that the antigenicity of the

both antibodies are practically the same .

Gel filtration of’ soluble complex formed from non-

precipitating antibody and HNB-cobrotoxin

As seen from the gel filtration patterns of soluble complex

on a column of Sepharose 6B (Fig. 7), the soluble complexes

formed from non-precipitating, antibody and HNB—cobrotozin at ~

different molar ratio are all en~.rg.d in the void volume,

indi-ating that the molecular weight of the soluble complex is

around 4 ,000 , 000 or lar ger.

Unreacted free non-precipitating antibody coincided with

— 12 —
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the peak of serum IgG &nd was proved to be ree froS HNB-

cobrotoxin. As illustrated in Fig. 7C, excess HNB—cobrOtoxin

emerged with a larger- effluent volume from 423 ml to 463 ml.

The “ valence ” or number of antibody—combining sites per

antigen molecule was obtained by doubling the molar ratio of

antibody to antigen present in the precipitates forme’~! at

equivalence. The molar ratio of precipitating antibody to

cobrotoxin was found to be 1.5 to 1.6 at equivalence (Chang

and Yang, 1969). Therefore , the valence of cobrotoxin was

3.0 to 3.2 indicating tha t cobrotoxin (as veil as IQIB—cobrotozin,

Chang and Yang, 1973) consists of three antibody—combining .it•.

per molecule. . —

The molar ratio of antibody to antigen for the soluble

complex was found to be 0.79 to 0.97 (Table I) indicating that

1.58 to 1.94 molecules of non—precipitating antibody bound to

lflTh—cobrotoxin instead of three molecules in the case of

precipitating antibody . 
-

Christian (1970 ) presented evidence suggesting tha t the

failure of non-precipitating, antibodies to precipitate appeared

to result from the limited recognition of multiple antigenic

determinants on complex antigens . If the antibodies are

capabl. of binding with only a small number of antigenic

determinants, lattice formation of the antigen—antibody complsxes

— 1 3 —
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will be incomplete and, depending on degre. of its thco.pl.tion,

tb. complexes will, remain •4~luble in the pr.cipitin reaction

(labat and Mayer , 1961). -

N&frsrura et al. (1972) and Tamoto et al. (1972) from their

studies on guinea pig non—precipitating 75 r2—sntibody to

ovalbumin suggested tha t the non—pr•cipitating antibodies

belonged to an antibody population which reacted with some

particular antigenic determinant on ovalbumin molecule and were

produced in excess , as compared with other populations of

antibodies. When the amount of these antibodies is too large

as compared wi th other an tibodies , only a portion of them will

be able to cooperate with othe r antibodies to make the

latticework of antigen—antibody complexes, situ the remainder will

be left as free antibodies in supernatants . On the other ha~id,

— when the amount of ovalbumin added is increased to combine

with all these antibodies , the formation of la tti cework will

become incomplete , owing to relatively small amoun t of other

I . antibodies , and antigen—antibody complexes will not precipit ate .

This explanation appears to be compatible with th~ result.

obtained by other wor kers for non-precipitating antibodies

and also with the results of present study on the molar ratio

of non—precipita ting antibody to IWB-cobrotoxin for the soluble

Complex.
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The specific rteutraljzing capacity of the non—precipitating

antibody ~.nd its papain fragment increased 23-fold ~nd 27.6—fold

over that of the antisera , respectively (Yang et a l,,  1977).

This may allow a substantial improvement in the therapy of

victims of snake bites. Non—precipitating antibody and its

papain fragment do not form insoluble aggregates with homologous

antigen but form soluble antigen-antibody complexes . This may

also provide valuable tools f or an imaunochemical approach to

the eThcidation of the natur e of antigenic determinants on

cobrotozin molecule.
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Tabis I

)lolaz rtti~ of non—pr.cipitat~ng antibody to lum-cobrotozin
in soluble complex

Molar ratio of Soluble complex
Unreac ted Pr.. RIS-.non-ppt Ab to 

- Lb Ag Nolar ratio non-pp~ Ab cobrotg~jn
IQIB-.cobrotozin (lo~~*) (l0~~N) of Lb to A( (10 ’N) (lO’

~’N)

1 10.6 12.9 0.82 3.5 — - -
;

2 13.7 14.1 0.97 14.8 —

0., 11.8 j4,, 0,79 1.8 13,3

Assuming the molecular wei tt of non-precipitatin ant ibody is

150,000 and that of lOIB-cobrotoxin is 7,086 (Tang et a x. ,  1969) .

V
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Pinure leg nds

Pig. 1. production of precipitating and non—precipitating

antibodies during the course of i unization.

The content of precipitating antibody (s -s) was determined

by quantita tive pr .cipi t in reaction and that of non—precipitating

antibod y ( s---. ) by affinity chromatography on cobro toxin-

S.pharose colt~~~ and was calcula ted from the differenc e of amount 
I

of eluted antibody from that of precipitating antibody in the

came asia.

Pig. 2. St.pwis. eLution of antibodies from a col~~~ of

cobroto xin—Sepharose .

Antibody preparations ware applied by passage through a

co1~~~ (1.4 x 6.8 cm) of cobrotoxin—Sepharose (cobrotozin 2 ng

psr ml of Sepb.arose, coupled at pH 9.0) three tin.., and washed

with 30 ml of 0.1 N W BCO,-0.5 N MaCi, pH 8.3. The buffer

solutions used for stepwise elution were : 0.01 N acetate

buffer—0.5 14 MaCi (p1 5.3), 0.1 N *cetate buffer-0.5 N NaC1

(pH 4.0 and pH 3.5) , 0.1 N giycine-HC 1 buffer -0.3 N N&C1 (p11

3.0 and pH 2.5) , and 0.53 N formi c acid—0 13 N MaCi (pH 2.05).

Preci pitatin g antibody (s a ) 20 ng

Non—precipitating antibody (eu’--.) 20.3 ~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~1
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Pig. 3. Ion—•zchange chromatography on DEAE-c.llulo.e .

The column (2 z 27 cm) was equilibrated with 0.0165 N

phosphate buffer, pH 7.8, and eluted by four-st.p elutions as

indicated. Precipitating antibody ( a a) obtained from

cobrotoxin—Sep baross column at pH 2.5 and non—precipitating

antibody (.---e ) eluted at pH 3.0 f rom the same column were

applied.

Pig. 4. Comparison of peptide maps of the peptic

hydro lysates Of RC)4—Fab fragments of precipitating and non-

pr ecipitating antibodies.

About 5 mc each of the hydrolysate was applied on a sheet

of Whatman No. 3 101 paper (43 x 74 cm).

Pig. 3. Effect of polyethylene glyco]. on quantitative

precipitin reactions of cobrotoxin with non—precipitating

antibody .

0.32 mc of precipitating antibody (~~ —s) and 0.48 mc of

non-precipitating antibody (.--.ue) in the absencs or in the

pr..enc. of 4 %  ( l ~--s) and 8% ( - a.) of polyethylene glycol

were used in each determination , Polyethylene glycol was

dissolved in 0.15 N NaCl and th• concentration indicated was

the final concentration in the reaction mixture. I 
- 

-
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Pig. 6. Quantitative precipitin reactions of Pab of

rabbit precipi tating and non-precipitating antibo dies with

th eir goat antibodies.

0.1 ml of the goat antisera obtained by i~~~”isation with

Lab of precipitating (s •) or non-precipitating antibody

(.—--.) were used in each determination.

Pig. 7. Gel filtration of soluble complex formed f rom
S

non-precipitating antibody and HNB-cobrotozin on a co1~~~t of

Sepharose 6B.

The column was equilibrated with 0.02 14 Tris—HCI buffer—

0.3 N NaCI (pH 7.5) to a constant height (2.2 z 123 cm) and

eJution was performed with the same buffer at a flow rate of

20 ml per hr. Soluble complex (.---.) formed from non-

pr.cipitating antibody and HNB-cc.brotoxin at a molar ratio of N

1.0 (*), 2.0 (B) and 0.5 (C). The protein concentration was

sasured sp.ctrophptometrically at 280 na and the extinction

coefficient, was taken as i4 for IgG ( ---- ) end non—

precipitating antibody (&r-~~~~) ,  end 6.7 for Ifl~B—cobrotoxin

(t —a) at 4]O nm.
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